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Abstract 
Objectives:  To determine indicators of survival in children with severe hypoxic respiratory 
failure (HRF) after transition to high frequency oscillatory ventilation (HFOV). 
Methods: Single center retrospective examination of children with HRF who were transitioned 
to HFOV. Blood gases and ventilator settings 24 hours prior to and 48 hours after HFOV in 
survivors and non-survivors were evaluated.  
Results:  Sixty two children with mean age of 7 years and mean weight of 26 kg were included 
with an observed mortality of 29%.  Mean airway pressures (Paw), oxygenation index (OI), 
PaO2/FiO2 oxygen (P/F) ratio, pH, bicarbonate and PaCO2 were similar prior to HFOV in survivors 
and non-survivors.  During HFOV, mean OI and P/F ratio improved in both groups with an 
average Paw increase of ~10 cm of H2O.  Survivors had lower OI than non-survivors (21±0.9 
versus 26.5±2.2; p<0.01) beginning 24 hours after HFOV. P/F ratio appears to diverge by 36 
hours, with survivors having P/F ratio >200.  Survivors had higher pH than non-survivors at 36 
hours (7.40±0.01 versus 7.32±0.02; p<0.05), higher bicarbonate levels (27.1±0.7 versus 23.9±1.3 
mEq/L) and similar PaCO2 with less oscillatory support (i.e., hertz and amplitude). Inhaled nitric 
oxide (iNO) was used in 53% of patients with improvements in oxygenation but with no effect 
on mortality.  
Conclusions: HFOV improves oxygenation in children with severe HRF.  Non-survivors can be 
distinguished from survivors at 24-36 hours during HFOV by higher OI, metabolic acidosis, and 
higher oscillatory support. These data may assist in prognostication or timing of initiating 
alternative therapies, such as extracorporeal membrane oxygenation. 
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Introduction 
The ideal strategy to manage pediatric patients, including children, with severe hypoxic 
respiratory failure (HRF) is still unsettled and subject to considerable debate [1, 2]. In 2000, the 
ARDS network published that mortality in adults with acute respiratory distress syndrome 
(ARDS) managed with conventional mechanical ventilation (CMV) could be reduced by 20% 
using a low tidal volume (6 mL/ Kg) and low-inspiratory plateau pressure (< 30 cm H2O) 
compared to a higher tidal volume (12 mL/kg) [3]. The concept of reducing iatrogenic injury in 
patients with severe lung disease has led to the development of many ventilatory strategies to 
reduce volutrauma, atelectrauma, biotrauma and hyperoxia-associated injury, collectively 
referred to as ventilator-associated lung injury (VALI) [4]. 
As an alternative approach to CMV, HFOV has the theoretical ability to minimize VALI 
[1], but data supporting outcome benefits have varied according to the patient population and 
operator’s familiarity with the technology. Trials in pre- and near-term neonates with 
respiratory failure (including respiratory distress syndrome) have either shown benefit or 
equivalency of HFOV versus CMV [5, 6]. In adults, HFOV is safe as a rescue therapy in ARDS and 
may improve oxygenation [7], yet a recent multinational clinical trial in adults with ARDS 
randomized early to receive HFOV or CMV found a higher mortality in the HFOV-managed arm 
[8].  Studies in children have not found outcome benefits of HFOV over CMV in those with HRF 
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or ARDS, but these studies are few and underpowered [9, 10]. Perhaps because of familiarity 
with the approach from the neonatal experience, HFOV has been adopted as a rescue therapy 
in many pediatric intensive care units (PICU) for children who have failed CMV [11, 12]. 
Historically, survival rates in children with HRF managed with HFOV vary from 40-80% 
[13-16]. To date, there is no universally accepted method to predict who may benefit from and 
survive this therapy, which could assist in deploying additional treatments in the attempt to 
improve outcomes. Extracorporeal membrane oxygenation (ECMO) is increasingly used for 
children with severe HRF, most frequently in those who can no longer be supported by CMV 
using non-injurious settings. Mortality rates for children with severe HRF, including ARDS, 
treated with ECMO range from 33-48%. This is considerably lower than the expected mortality 
without ECMO, since this treatment modality has traditionally been used as a salvage therapy 
for children likely to die on CMV [17].  
Our center has usually initiated HFOV in children with sustained need of high ventilator 
settings during CMV (PIP consistently > 40 cm of H2O). Although ECMO capable, in the past we 
have infrequently employed ECMO for severe “HFOV-resistant” HRF. We hypothesized that, by 
evaluating our experience, we could identify indicators that could predict outcomes in children 
with HRF following transition from CMV to HFOV and help to make informed decisions to 
deploy more invasive modalities, such as ECMO, sooner. 
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Materials and Methods: 
This is a single center retrospective review of children with HRF treated with HFOV who were 
admitted to the PICU at Riley Hospital for Children between January 2008 and August 2011. The 
Indiana University institutional review board approved this study with waiver of informed 
consent. Our unit is a 36 bed tertiary care, combined medical and surgical PICU staffed by 
pediatric intensivists. All patients older than 1 week of age who were managed with HFOV were 
included in the study. Patients treated with HFOV for < 12 hours or those with cyanotic heart 
disease, death within 24 hours of admission, and lack of an arterial catheter were criteria for 
exclusion.  Transition to HFOV and management of children on HFOV was is in accordance with 
our hospital respiratory care policy. Children were switched to HFOV if PIP on CMV was 
consistently >40 cm of H2O.  Decision to switch from CMV to HFOV and inhaled nitric oxide 
(iNO) use were at the discretion of the care team. Generally saturations of 86 to 90% were 
accepted to keep FiO2 less than 0.6. Children are switched back from HFOV to CMV when Paw is 
< 22 and FiO2 is <0.5. 
Data Collection 
 Demographic data included age, weight, gender and primary diagnosis, ICU length of stay 
(LOS), and disposition (survival to ICU discharge). Clinical and laboratory data included duration 
of total ventilation, CMV and HFOV ventilator settings, arterial blood gas analysis and the 
concomitant use of iNO. Clinical and laboratory data were obtained at 6 hour intervals, for the 
24 hours prior to transition from CMV to HFOV, and for the 48 hours that followed. 
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Oxygenation index [(OI) = Paw X (FiO2/PaO2) X 100)] and PaO2 /FiO2 (P/F) ratio were calculated 
for each relevant time point.  
Statistical Analysis 
 Demographic data, duration of mechanical ventilation and LOS are presented as means and 
ranges, with p-values from Student’s t-test or Wilcoxon rank-sum test for continuous variables, 
depending on the distribution, or Fisher exact tests for categorical variables. Graphical displays 
of OI, Paw, P/F ratio, pH, bicarbonate and PaCO2 are presented as means and standard error of 
mean. The data distributions were checked for normality using QQ plots and Kolmogorov-
Smirnov Goodness-of-Fit tests. To determine if there were differences between survivors and 
non-survivors, data were compared using repeated measures ANOVA models with generalized 
linear mixed models.  Auto-regressive covariance structures were used to model within subject 
variance and models were adjusted for age, gender and weight. To determine at which time 
points mean values were different between survivors and non-survivors, post-hoc pairwise t-
tests were performed using Bonferroni correction. Receiver Operating Characteristic (ROC) 
curves were also analyzed for OI and pH to determine if there were cutoff points that could 
accurately differentiate between survivors and non-survivors. Analyses were run using SAS v9.3 
(SAS institute, Cary, NC). 
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Results 
Patient demographics and outcomes 
 Eighty children received HFOV during the study period, but 18 were excluded from this 
analysis: 5 received HFOV for less than 12 hours, 2 were transitioned to ECMO within the first 
12 hours, 7 had cardiac arrest on admission and died within 24 hours, 3 did not have an arterial 
catheter during the entire data collection period, and 1 had cyanotic heart disease. Data from 
the remaining 62 children were analyzed. Forty four patients (71%) survived to ICU discharge. 
Survivors and non-survivors were similar in age, gender, weight, total ventilation and time on 
CMV before HFOV (Table 1). The average time between initiation of CMV and transition to 
HFOV in survivors was 1.6 days and 3.4 days in non-survivors. Diagnoses are presented in Table 
2. 
 
Ventilatory parameters prior to HFOV 
Survivors and non-survivors had similar respiratory data during CMV (Figures 1 and 2, Table 3). 
In all patients, OI nearly doubled (from ~16 to ~30) with ~30% decrease in P/F ratios (~120 to 
80) over the 24 hours leading to transition to HFOV (Figure 1A, B). There were no differences 
between survivors and non-survivors in the continuous values of Paw, pH, bicarbonate, PaCO2, 
OI and P/F ratios in the 24 hours during CMV prior to HFOV ( Figures 1 and 2, Table 3). At base 
line 6 hours prior to transition to HFOV there were no statistically significant differences in any 
of the analyzed parameters. 
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Ventilatory parameters during HFOV transition 
Ventilatory parameters changed significantly in both survivors and non-survivors immediately 
after transition to HFOV compared to the CMV parameters and the magnitude of the changes 
were similar between survivors and non-survivors. Changes in pH, bicarbonate and PaCO2 were 
not significant between CMV and HFOV immediately after transition. 
Among survivors, OI, P/F ratio and Paw on CMV just prior to HFOV were 30 ± 2, 75 ± 5 and 21 ± 
1 cm of H2O, respectively. One hour after transition to HFOV, OI, P/F ratio and Paw in survivors 
were 35 ± 2.3, 110 ± 11, 30 ± 1, respectively (p < 0.05 for all compared to CMV).  Among 
survivors, pH, bicarbonate and PaCO2 on CMV just prior to HFOV were 7.34 ± 0.01, 24.7 ± 0.7 
mEq/L and 47 ± 2 torr, respectively. One hour after transition to HFOV, pH, bicarbonate and 
PaCO2 in survivors were 7.31 ± 0.02, 24.9 ± 0.7 mEq/L and 52 ± 3 torr, respectively (p=NS 
compared to CMV).  
 Similarly, among non-survivors, OI, P/F ratio and Paw on CMV just prior to HFOV were 29 ± 3, 
79 ± 9, and 19 ± 1 cm of H2O, respectively. One hour after transition to HFOV OI, P/F ratio, Paw 
in non-survivors were 39 ± 4, 113 ± 25, and 31 ± 1, respectively (p<0.05 for all compared to 
CMV).  Among non-survivors, pH, bicarbonate and PaCO2 on CMV just prior to HFOV were 7.3 ± 
0.02, 24.2 ± 1.3 mEq/L and 47 ± 2 torr, respectively. One hour after transition to HFOV, pH, 
bicarbonate and PaCO2 in non-survivors were 7.27 ± 0.04, 24.4 ± 1.3 mEq/L and 51 ± 4 torr, 
respectively (p=NS compared to CMV).  
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Ventilatory parameters following HFOV transition 
 Paw in both survivors and non-survivors were similar during 48 hours after transition (Figure 
1C). Over this time, average OI was significantly lower in survivors compared to non-survivors 
(21±0.9 vs. 26.5±2.2, p<0.01; Figure 1A, Table 3). In point-to-point comparisons, there was a 
divergence in OI between survivors and non-survivors at 24-hours (20.5 ± 1.9 versus 28.6 ± 4.7; 
p <0.05) and OI remained different between the groups through 48 hours (Figure 1A). Average 
P/F ratios increased to above 200 in survivors but remained <200 in non-survivors. Although P/F 
ratios did not achieve statistical significance either for the course during HFOV or in the point-
to-point comparisons, it appeared that a divergence was beginning to become apparent at ~36 
hours (Figure 1B). 
Concerning ventilation, PaCO2s were not different between survivor and non-survivors (Figure 
2B), although survivors were managed with less oscillatory support in terms of amplitude [delta 
P (∆P)] throughout the 48 hours and higher frequency [hertz (Hz)] at later time points (Figure 
3).   Despite similar PaCO2s, pH was lower in non-survivors than survivors during HFOV (figure 
2A). In survivors, pHs at 36 and 48 hours on HFOV were 7.40 ± 0.01 and 7.41 ± 0.01 which were 
significantly higher than non-survivors’ pHs of 7.32 ± 0.02 and 7.34 ± 0.02 at similar time points 
(p < 0.05). Values of PaCO2 at the 36 hours and 48 hours in survivors were 46 ± 1.5 and 45 ± 1.4 
torr and in non-survivors PaCO2 at 36 hours and 48 hours were 50 ± 1.5 and 49 ± 3 torr and 
were not statistically significant.  Changes in serum bicarbonate levels were similar to pH 
changes (Fig 2C). In survivors bicarbonate levels at 36 hours and 48 hours were 27.1 ± 0.7 and 
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28 ± 0.7 mEq/L. Non-survivors’ serum bicarbonate levels at 36 hours and 48 hours were 23.9 ± 
1.3 and 24.7 ± 1.5 mEq/l, which were slightly lower compared to survivors (p<0.05). 
Outcomes 
 Children in this study had 29% mortality. In survivors, 31 (70%) patients were ventilator free at 
30 days and 39 (88%) patients were ventilator free at 60 days. We computed receiver operating 
curves (ROC) for survival for OI at 24 hours and pH at 36 hours to evaluate cutoff values to 
discriminate survivors (Fig 5). OI < 25 at 24 hours and pH > 7.34 at 36 hours had modest 
correlation and seems to be helpful to identify survivors during HFOV. The odds ratio (OR) for 
death with OI > 25 at 24 hours during HFOV was 4.6 (95% CI 1.3 to 16.7) and OR for death with 
a pH < 7.3 at 36 hours was 9 (95% CI 2.1 to 39.2). Sixteen (26%) children developed a 
pneumothorax requiring chest tube placement, 5 during CMV (2 died) and 11 during HFOV (1 
died). Out of 44 surviving children, 8 (18%) required tracheostomy and 5 were discharged home 
on a ventilator.  Almost one-third (14) of the surviving children were transferred to an in-
patient rehabilitation unit, with average rehabilitation length of stay of 28.3 (7 to 62) days. 
During the study period 15 children (13 from CMV and 2 from HFOV) were treated with ECMO 
and 8 (53%) survived.  
Inhaled nitric oxide (iNO) data 
In this study 33 (53%) children received iNO and 11 (33%) died. iNO was started in 9 children 
during CMV and in 24 children during HFOV. Seven of nine children in the CMV-iNO group 
continued to receive iNO during HFOV.  P/F ratios and OI improved in both survivors and non-
survivors in response to iNO (Figure 4A, 4B). P/F ratio improvements were greater when iNO 
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was instituted during HFOV vs. CMV, for example, with P/F ratio increase of 34 during HFOV vs. 
13 on CMV  and 116 during HFOV  vs. 35 on CMV at 1 and 24 hours, respectively (all p<0.01; 
Figure 4C).  OI improvement following iNO was similar between CMV and HFOV (Figure 4D). 
There were no differences in survival in patients who received iNO versus those who did not 
(67% and 76% respectively, p=NS).  
 
Discussion: 
In this study we sought to determine predictors of survival in children with severe HRF 
managed with HFOV. In pediatric critical care, HFOV is often used to manage children with HRF 
that is refractory to management with CMV. Determining a method to identify children who 
may not survive HFOV would assist in developing interventions to improve outcomes in children 
with severe HRF, such as earlier deployment of more invasive techniques (e.g. ECMO). In this 
cohort of children with severe HRF treated with HFOV, non-survivors and survivors had similar 
respiratory parameters during CMV, yet differences in oxygenation, ventilation and acid-base 
balance became apparent within 48 hours after transition to HFOV. Although OI decreased in 
both survivors and non-survivors following HFOV, greater improvement was observed in 
survivors. Specifically, by 24 hours after HFOV, survivors had OIs that averaged ~20 or less, 
while non-survivors had OIs ≥ 25.  Of interest is that these improvements (from OI peaks of 35-
40) occurred with an increase in Paw from 20 cm of H2O to approximately 30 cm of H2O, which 
is ~50% increase. P/F ratios also improved in both groups following HFOV, from <100 to above 
200 at 36 hours in survivors, but ranged 150-200 in non-survivors. The P/F ratio differences 
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were not statistically significant for the whole duration of HFOV or point-to-point comparisons, 
perhaps reflecting a later divergence of the P/F values, limitations of our sample size, and/or an 
enhanced sensitivity of OI over P/F ratios in characterizing a patient’s oxygenation status since 
the former takes in consideration the level of ventilatory support (Paw) employed. To detect 
P/F difference of 50 between survivors and non-survivors with 80% power (alpha = 0.05), we 
required sample size of 186; if the P/F difference were to be >100, sample size of 64 would 
have been sufficient. Our sample size of 62 is adequate enough to detect OI difference of 2.8 
and pH difference of 0.032 with 80% power (alpha =0.05) between survivors and non-survivors. 
In addition to oxygenation parameters, our data indicate that ventilation in survivors can be 
more easily managed than in non-survivors, given the fact that both groups had similar PaCO2 
despite lower amplitude throughout and higher frequency over time in survivors. Survivors also 
had slightly higher bicarbonate levels than non-survivors. Taken together, non-survivors had 
modest, but significant, metabolic acidosis compared to survivors. 
There are important similarities and differences comparing our results to other studies in this 
field. There are some recent studies in children and adults which showed the association of 
improved oxygenation with survival [14, 18-20]. In pediatric studies non-survivors had higher OI 
(close to 30 or higher) compared to OI of <25 in survivors before transition to HFOV compared 
to our study where OI was close to 30 in both survivors and non-survivors. In the Babbitt et al 
study, OI improvement in survivors and non-survivors was similar to our study with OI of less 
than 20 in survivors and > 25 in non-survivors. Yehya et al, in their elegant studies, have shown 
that in children with immunocompromised condition (ICC), OI does not improve in non-
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survivors whereas in survivors OI improves   ̃ 50% and OI improvement of < 5% is 100 sensitive 
and 85% specific in predicting mortality in children with ICC. In their study with mixed 
population of children, OI improvement in non-survivors was 6% compared to 30% in survivors. 
In o, OI improvement in survivors during first 48 hours was ~ 35% compared to ~15% in non-
survivors. OI improvement in our study is comparable to the above mentioned studies but non-
survivors in our study showed slightly higher improvement in OI. In ur study P/F improvement 
was observed in both survivors and non-survivors and P/F improvement was 100% or more in 
survivors which is similar to other pediatric studies [14, 18, 19], but P/F improvement in non-
survivors was greater compared to those studies and P/F ratio difference could not 
differentiate survivors and non-survivors in our study contrasted to those studies. A recent 
study in adults with ARDS who were transitioned from CMV to HFOV found that OIs and P/F 
ratios only improved in survivors [20], whereas in children these indices improve in both 
survivors and non-survivors [14, 19], but again with a greater improvement of OIs only in 
survivors. In adults, differences in OIs and P/F ratios were apparent at 3 hours during HFOV, but 
we found differences in OIs beginning at 24 hours after transition and what may be the start of 
differences in P/F ratio at 36 hours. In children OI and P/F improvement has been observed 
around 4 to 6 hours after HFOV transition [14, 21-22] to 24 hours on HFOV [18, 19]. In adults, 
lower pH due to higher PaCO2 correlated with mortality, whereas in our report lower pH, as a 
consequence of metabolic acidosis, was associated with mortality. In both studies, survivors 
had OIs less than ~20 and pH higher than ~7.4. In a sub group of children with sepsis during 
HFOV, metabolic acidosis with of 7.25 is associated with mortality compared to 7.32 in survivors 
[14]. In our study, survivors had P/F ratios of >200, whereas P/F ratios never improved over 200 
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in adult survivors, even at or after 72 hours. In other pediatric studies [14, 19] P/F improvement 
was also noted to be < 200 which is similar to the adult study.   
Similar to other reports in adults and children [14, 19, 20], Paw increased by more than 10 cm 
H2O with the transition from CMV to HFOV in our study, which suggests that higher PEEP may 
be beneficial in the management of both adults and children with HRF during CMV. On HFOV, 
we typically gauge proper lung expansion (i.e. 8 to 10 ribs) by chest X-ray and traditionally 
advocate increasing Paw by 3-5, whereas patients may require >10 Paw increase while 
transitioning from CMV to HFOV. 
OI has been suggested as a predictor of mortality with OI > 42 at 24 hours during HFOV in 
pediatric respiratory failure  associated with mortality odds ratio of 21 [9] and another study in 
children reporting OI of > 35 after 24 hours of HFOV being associated with 31 times higher odds 
of mortality (14), whereas most of our patients had OIs <35 at 24 hours after HFOV. Our data is 
more similar to a report published from our group which shows that an OI > 25 in 
hematopoietic stem cell transplant patients with respiratory failure at any time on HFOV is 
highly associated with mortality (23). 
Data on pH during HFOV and outcome are limited. In this study most (90%) survivors had pH 
>7.3 at 48 hours and children with pH < 7.3 had 9 times higher odds of death. As stated earlier, 
a subgroup of pediatric sepsis patients treated with HFOV had higher mortality when pH was < 
7.32 (14). Our study is unique because it does show that presence of metabolic acidosis (pH 
<7.34) is associated with decreased survival in children with acute hypoxic respiratory failure, 
whereas permissive hypercapnia and accepting respiratory acidosis (pH< 7.3) may be beneficial 
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in some children (24). Differentiating warning signs of persistent metabolic acidosis from 
acceptable respiratory acidosis is important in clinical decision making. 
Although no data currently suggests that iNO impacts outcome in children with HRF or ARDS, 
about half of our patients received iNO, consistent with a recent survey of pediatric intensivists 
and their management of pediatric HRF/ARDS [25, 26]. Like others, we show that there is 
“positive” physiologic response to iNO as evidenced by lower OIs and higher P/F ratios, and 
greater improvement of these indices while patients were treated with HFOV rather than CMV 
[27-29].  Consistent with previous reports, iNO did not appear to improve survival, as the 
mortality rate was 33% in those who received iNO and 24% in those who did not (p=NS), 
although it is possible that iNO is initiated on those, at least subjectively, considered more 
critically ill. These findings should not negate the potential utility of iNO in severely hypoxemic 
patients when used for stabilization while bridging to alternative therapies.  
 
Conclusions: 
Our study provides additional information for the assessment and management of children 
with the most severe forms of hypoxemic respiratory failure. Our study suggests that an OI > 
25, metabolic acidosis with pH of <7.34, and the inability to reduce ventilatory support in the 
first 48 hours during HFOV are associated with mortality. In real time scenarios, these data may 
help caretakers to identify children at risk for death during HFOV within 2 days and may assist 
in prognostication and earlier consideration of therapeutic alternatives. Data from this study 
needs to be confirmed in multicenter studies, yet may provide the basis for identifying children 
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with HRF at the highest risk for death who can participate in clinical trials for alternative 
ventilator strategies, novel therapeutics or ECMO to improve survival.  
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Table 1-Demographic characteristics 
 
Data are presented as mean and range. CMV, conventional mechanical ventilation; HFOV, high 
frequency oscillatory ventilation; PICU, pediatric intensive care unit; LOS, length of stay. 
 
 Total 
(n=62) 
 
Survivors 
(n=44) 
Non-Survivors 
(n=18) 
p-Value 
 
Age in months 
 
83.5 (0.2-398) 
 
82.3 (0.2-398) 
 
86.3 (0.4-249) 
 
0.66 
Weight in Kg 25.8 (2.7-93.7) 25.7 (3-93.7) 26.0 (2.7-74) 0.75 
Gender 
Male : Female 
 
33 : 29 
 
 
20 : 24 
 
 
13 : 5 
 
 
0.09 
Total ventilation 
(days) 
20.9 (1.9-56.9) 22.1 (3.3-56.9) 18.1 (1.9-53) 0.23 
 
CMV before HFOV 
(hours) 
50.9 (4-610) 38.2 (4-187) 81.9 (14-610) 0.65 
 
HFOV Hours 135 (16-503) 129.2 (16-432) 149.4 (25-503) 0.82 
CMV after HFOV 
(days) 
13.2 (0-45) 15.1 (2-45) 8.4 (0-45) <0.01 
 
PICU LOS (days) 27.5 (2-96) 31.3 (5-96) 18.2 (2-58) 0.01 
Ventilator free  
Patients 
   Day 30 
 
  
31(70%) 
 
Not applicable 
 
   Day 60  39(88%) Not applicable  
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Table 2-Diagnoses of children treated with HFOV 
 
Diagnosis Total 
(n=62) 
Survivors 
(n=44) 
Non-survivors 
(n=18) 
 
Malignancy and complications 
 
14 
 
5 
 
9 
Head Injury and trauma 5 4 1 
Sepsis with ARDS 10 10 0 
Pneumonia viral and bacterial 16 11 5 
Post-operative ARDS 4 4 0 
Aspiration related respiratory failure 7 5 2 
Toxic shock syndrome 3 3 0 
Eosinophilic pneumonitis 1 1 0 
Pulmonary hemorrhage 
(Wegener’s granulomatosis) 
 
1 1 0 
Liver disease 1 0 1 
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Table 3: Oxygenation Index (OI), PaO2/FiO2 (P/F) ratio and mean airway pressure (Paw) during CMV 24 
hours prior and 48 hours during HFOV between survivors (S) and non-survivors (NS) 
 
Time(hours) OI-S OI-NS P/F-S P/F-NS Paw-S Paw-NS 
 
-24 (CMV) 
 
 
17.6±1.5 
 
16.1±3 
 
112±9 
 
130±10 
 
16.0±0.8 
 
16.6±1.4 
 
-18 (CMV) 
 
 
18.7±1.2 
 
19.3±3.6 
 
101±5 
 
103±9 
 
17.2±0.7 
 
16.2±1.4 
 
-12 (CMV) 
 
 
21.7±1.5 
 
21.8±2.3 
 
94±6 
 
92±8 
 
18.0±0.7 
 
17.8±0.9 
 
-6    (CMV) 
 
29.8±2 
 
 
28.6±2.9 
 
76±5 
 
79±9 
 
20.8±0.9 
 
19.2±1.2 
 
+1   (HFOV) 
 
 
35.3±2.3 
 
38.8±3.9 
 
110±11 
 
113±25 
 
30.4±1.1 
 
31.1±1.0 
 
+6   (HFOV) 
 
 
28.0±2.1 
 
30.0±4 
 
140±11 
 
163±30 
 
31.7±1.1 
 
31.9±1.0 
 
+12 (HFOV) 
 
 
25.5±2.2 
 
29.4±3.7 
 
157±12 
 
149±22 
 
31.4±1.2 
 
32.4±1.1 
 
+18 (HFOV) 
 
21.4±1.7 
 
 
25.3±4.0 
 
185±15 
 
180±27 
 
31.1±1.2 
 
32.4±1.2 
 
+24† (HFOV) 
 
 
20.5±1.8 
 
28.6±4.6 
 
197±16 
 
181±32 
 
30.6±1.2 
 
32.8±1.1 
 
+30 (HFOV) 
 
 
18.9±1.9 
 
26.5±4.2 
 
220±19 
 
190±32 
 
30.4±1.1 
 
32.5±1.3 
 
 
+36 (HFOV) 
 
17.7±1.6 
 
 
25.0±4.1 
 
 
233±20 
 
194±30 
 
30.5±1.1 
 
31.7±1.3 
 
+42 (HFOV) 
 
19.5±2.3 
 
 
27.7±3.9 
 
227±20 
 
164±24 
 
29.9±1.1 
 
32.6±1.1 
 
+48 (HFOV) 
 
20.0±1.9 
 
26.7±3.0 
 
223±20 
 
155±19 
 
29.6±1.1 
 
32.2±1.2 
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Data are presented as mean ± SEM. CMV, conventional mechanical ventilation; HFOV, high 
frequency oscillatory ventilation; Paw (mean airway pressure) in cm of H2O. †OI is statistically 
significant (p<0.05) between survivors and non-survivors at or after 24 hours on during HFOV.  
P/F ratios and Paw are not statistically significant (p>0.05) at any time points. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure Legends: 
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Figure 1: Comparison of oxygenation parameters in children with Hypoxic respiratory failure 
between survivors and non-survivors before and after transitioning to HFOV. A. Differences in 
Oxygenation index (OI) between survivors and non-survivors during CMV and HFOV (*p<0.05). 
B. Differences in PaO2/FiO2 (P/F) ratio between survivors and non-survivors († p <0.05).  C. 
Mean airway pressure (Paw) settings between survivors and non-survivors during CMV and 
HFOV. Paw is not significant at all-time points between survivors and non-survivors. 
 
Figure 2: Comparison of PaCO2, pH and bicarbonate in children with hypoxic respiratory failure 
between survivors and non-survivors before and after transitioning to HFOV.  A. Differences in 
pH between survivors and non-survivors before and after HFOV (*p<0.05). B. PaCO2 (torr) 
trends between survivors during CMV and HFOV. There is no statistical significance at any time 
points. C. Bicarbonate (mEq/L) between survivors and non-survivors before and after HFOV 
(*p<0.05).  
 
Figure 3: Differences in HFOV settings between survivors and non-survivors with Hypoxic 
respiratory failure. A. Difference in Delta Pressure (∆P) settings between survivors and non-
survivors during HFOV. Overall ∆P settings were higher in non-survivors (p<0.01). B.  Differences 
in frequency (Hz) between survivors and non-survivors. Hz settings were significantly lower 
(p<0.01) in non-survivors. 
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Figure 4: Effect of iNO in survivors and non-survivors and changes in P/F ratios and OI during 
CMV and HFOV.   A. Changes in PaO2/FiO2 (P/F) ratios in response to iNO were compared 
between survivors and non-survivors. B.  Oxygenation Index (OI) changes following iNO were 
compared between survivors and non-survivors. Neither P/F ratios nor OI changes were 
statistically significant between survivors and non-survivors. C. Changes in PaO2/FiO2 (P/F) ratio 
before and after inhaled nitric oxide (iNO) during HFOV versus CMV (*p<0.05 at 3 hours and 
subsequent time points after starting iNO).  D. Oxygenation index (OI) changes before and after 
iNO during HFOV versus CMV.  OI changes were statistically not significant between CMV and 
HFOV at any time points. 
 
Figure 5: Receiver operating characteristic (ROC) curves for Oxygenation index and pH. A. ROC 
curve to determine survival for oxygenation index (OI) at 24 hours during high frequency 
oscillatory ventilation (HFOV). B. ROC curve to evaluate survival for pH at 36 hours during 
HFOV. PPV, Positive predictive value; NPV, Negative predictive value. 
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